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(54) PRODUCTION METHOD OF PHOTOCATALYST MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a production method of photocatalyst material which 
allows a photocatalyst layer to firmly adhere to base material and has excellent scratch 
resistance and weather resistance by using aqueous photocatalyst layer. 
SOLUTION: Hydroxy groups and/or alkoxy groups existing on the surface of silicone-based 
resin which is applied on the base material and peroxo groups and/or hydroxy groups existing 
on the surface of photocatalyst particles in an aqueous photocatalyst coating solution are 
reacted at a temperature of the heat-resistant temperature or lower of the base material or the 
silicone resin and, further, UV-ray of wavelength <380 nm is applied thereto. 
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CLAIMS 



[Claim(s)] m 
[Claim 1] While a pel oxo-radical applies the aquosity photocatalyst coating solution which uses 
as an indispensable component the photocatalyst particle which exists in a particle front face to 
the front face of a silicone system resin layer established in the base material and forms a 
photocatalyst layer in it The hydroxyl group and/or alkoxy group of said silicone system resin 
layer front face, The manufacture approach of the photocatalyst object characterized by making 
the pel oxo-radical and/or hydroxyl group which exist in said aquosity photocatalyst coating 
solution react, pasting up said silicone system resin layer and this photocatalyst layer, and 
wavelength irradiating ultraviolet rays 380nm or less after that at said photocatalyst layer. 
[Claim 2] The manufacture approach of a photocatalyst object according to claim 1 that said 
drainage system photocatalyst coating solution is characterized by containing a titania system 
binder. 

[Claim 3] The manufacture approach of the photocatalyst object characterized by heat-treating 
further the photocatalyst object manufactured by the approach according to claim 1 or 2. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention pastes up a photocatalyst layer on a base material firmly, 
and relates to the manufacture approach of a photocatalyst object of excelling in abrasion-proof 
nature and weatherability. 
[0002] 

[Description of the Prior Art] A photocatalyst function will be activated if light is irradiated, 
carries out oxidative degradation of the organic substance etc. by the reactive oxygen species 
generated on a front face, or discovers functions, such as antifouling and antifog, because a 
front face carries out hydrophilization. In recent years, from the rise of an antipollution measure, 
health and pleasure, and a clean intention, there are needs of environmental purification molded 
goods with functions, such as antibacterial, disinfection, and antifouling, and the product using a 
photocatalyst attracts attention. For the contamination-proof processing to the oil which is a 
principal component of city mold contamination on an outdoor-type way, minerals dust, carbon, 
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etc., the antifog processing for securing visibility, and an inside-qf-a-house application, it can 
use broadly as health processing of antibacterial, disinfection, etc. 

[0003] Although covering with the transparent membrane which maintains design nature as an 
approach of fixing a photocatalyst to base material front faces, such as resin, a metal, ceramics, 
and wood, is often performed, since the particle (a photocatalyst particle is called hereafter) 
which has photocatalyst functions, such as anatase mold titanium oxide, is lacking in film 
formation nature, in a photocatalyst coating solution, the binder of the silica which generally 
originates in the hydrolyzate of alkoxysilane, and/or a silicone system is added. Since the main 
solvent of this coating solution is an organic solvent, it is difficult for the paint film at the time of 
spreading to be unable to level easily, if the temperature and humidity at the time of an activity 
are not controlled, and to make a transparent membrane form. Moreover, since an acid is 
contained in this coating solution, the load to a facility is also large. Furthermore, there was a 
problem tKat the preservation stability in a cool place was short in 2"or 3 months. Then, a 
change in a water coating solution [ consideration / workability and an environment ] is desired. 
[0004] Then, if titania system binders, such as amorphous titanium oxide originating in an 
orthochromatic titanic acid or peroxotitanic acid, are used for a photocatalyst coating solution, 
pH can use the water solution of a neutral region excluding an organic solvent, and since 
preservation stability is also still more stable to more than half a year and a long period of time 
in ordinary temperature, workability and handling will become easy. For example, on 
JP,2875993,B specifications, a hydrogen peroxide is added in the distributed solution of a 
titanium hydroxide and a titanic-acid ghost, peroxotitanic acid is compounded, and the 
manufacture approach of preparing the anatase distribution solution with which the pel oxo- 
radical was embellished is proposed by heat-treating this solution above 80 degrees C. However, 
if the first [ an average of] particle diameter with high activity is grown up into a crystal 10- 
20nm or more in these anatase dispersion liquid, in order for most pel oxo-radicals to disappear 
in process of crystallization, it is difficult to make the photocatalyst layer which made this 
photocatalyst particle exist in high concentration form firmly at low temperature.- 
[0005] For example, the approach of covering a photocatalyst layer on hydrophobic front faces, 
such as a resin substrate, is proposed with the photocatalyst coating solution which contains the 
titania system binder of the amorphous titanium oxide originating in peroxotitanic acid in 
JP, 2000-1 668,A. That is, after covering the amorphous titanium oxide layer which becomes the 
resin substrate which carried out hydrophilization processing with the surfactant and/or the 
hydrophilization agent, or the hydrophilic organic giant molecule from peroxotitanic acid, the 
photocatalyst object which prepared the photocatalyst layer which consists of a photocatalyst 
particle and peroxotitanic acid is proposed. However, in order to cover the amorphous titanium 
oxide layer of an inorganic oxide directly to a resin substrate, it was easy to generate exfoliation 
and a crack in this coating layer rather than adhesion is enough, and when a photocatalyst 
particle was made to exist in a photocatalyst layer further at high concentration, in about 100- 
degree C low temperature treatment, this particle was not fully fixed, but there was a problem 
that membranes could not be formed firmly. 

[0006] Moreover, the photocatalyst object which covers the photocatalyst layer which consists 
of a photocatalyst particle and peroxotitanic acid through the silicone system polymer layer 
which is a difficulty resolvability binder on a base material is proposed by JP, 9-262481, A. 
Although the publication concrete about the manufacture approach of this photocatalyst object 
is not carried out to this official report When a photocatalyst object is manufactured by applying 
the aquosity photocatalyst coating solution which becomes the hydrophobic silicone system 
resin layer generally stiffened from a photocatalyst particle and peroxotitanic acid, The adhesive 
strength of a silicone system resin layer and a photocatalyst layer was not enough, when it 
exfoliated from an interface or a surfactant remained in a photocatalyst layer further, the 
degrees of hardness of this photocatalyst layer ran short, and there was a problem of being easy 
to get damaged. 
[0007] 

[Problem(s) to be Solved by the Invention] The photocatalyst particle to which, as for this 
invention, a pel oxo-radical exists in a front face in view of the above conventional techniques, 
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Or by using the aquosity photocatalyst coating solution containing the photocatalyst particle to 
which a pel oxo-radical exists in a front face, and a titania system binder By pasting up firmly 
the photocatalyst layer which made the photocatalyst particle exist in high concentration on a 
base material, and causing disassembly of the surfactant which irradiates further the light to 
which wavelength includes ultraviolet rays 380nm or less in this photocatalyst layer, and remains, 
and the condensation reaction of a pel oxo-radical It aims at offering the manufacture approach 
of a photocatalyst object of excelling in abrasion-proof nature and weatherability. 
[0008] 

[Means for Solving the Problem] this invention person noted that the hydroxyl group (Ti-OH) or 
pel oxo-radical contained in the pel oxo-radical (Ti-OO-) which exists in a photocatalyst particle 
front face, the orthochromatic titanic acid of a titania system binder, peroxotitanic acid, etc. 
showed high reactivity to functional groups, such as a hydroxyl group (Si-OH) of silicone system 
resin, and arTalkdxy group (Si-0'R:R"is an alkyrgrbup), and formed a chemical bond "(-Si-O-Ti-X 
That is, this invention is making the hydroxyl group and/or alkoxy group which exist in the 
silicone system resin front face covered to the base material react at the temperature below the 
heat-resistant temperature of a base material or silicone system resin, and pastes up a 
photocatalyst layer on a base material firmly through silicone system resin. 
[0009] Moreover, this invention person noted that a hydroxyl group (Ti-OH) changed to a pel 
oxo-radical (Ti-OO-) easily by making a hydrogen peroxide act on titanium oxide. This invention 
namely, by embellishing with a pel oxo-radical the photocatalyst particle front face in the sol 
solution grown up to the particle size which shows high activity Since the photocatalyst particle 
under covering absorbs energy, such as heat or ultraviolet rays, carries out a chemical bond to 
particles or a titania system binder firmly and is fixed, Also in the case of the photocatalyst layer 
which made [ many ] the abundance ratio of a photocatalyst particle, in order to raise activity, 
the coat which is excellent in low temperature at abrasion-proof nature can be formed. 
[0010] Furthermore, this invention person by a hydroxyl group's being activated by said 
photocatalyst layer because wavelength irradiates ultraviolet rays 250nm or less, and activating 
a pel oxo-radical by irradiating ultraviolet rays 380nm or less Organic [ the amount of / which 
remains in a photocatalyst layer ] noted being able to carry out decomposition removal 
efficiently by the ozone generated in that a condensation reaction is promoted, the active 
oxygen generated with a photocatalyst, ultraviolet-rays energy, and ultraviolet rays with a 
wavelength of 240nm or less. Namely, this invention is that wavelength irradiates ultraviolet rays 
380nm or less at this photocatalyst layer. By that eburnation advances by the condensation 
reaction of the hydroxyl group in a photocatalyst layer, and a pel oxo-radical, the active oxygen 
generated with a photocatalyst, ultraviolet-rays energy, and the ozone generated in ultraviolet 
rays When the decomposition removal for organic of the surfactant which remains in a 
photocatalyst layer takes place to coincidence, the photocatalyst [ which can also bear an 
outdoor use ] layer which it was precise, was hard and was excellent in abrasion-proof nature 
can form in a short time. At this time, since an eburnation reaction is usually slower than 
disassembly of the organic substance, such as a surfactant, heat treatment can also perform 
eburnation after disassembly of the organic substance by UV irradiation. 

[0011] Namely, while a pel oxo-radical applies the aquosity photocatalyst coating solution which 
uses as an indispensable component the photocatalyst particle which exists in a particle front 
face to the front face of a silicone system resin layer established in the base material and forms 
a photocatalyst layer in it, this invention The hydroxyl group and/or alkoxy group of said silicone 
system resin layer front face, The pel oxo-radical and/or hydroxyl group which exist in said 
aquosity photocatalyst coating solution are made to react. Said silicone system resin layer and 
this photocatalyst layer are pasted up, and it is the manufacture approach of the photocatalyst 
object characterized by wavelength irradiating ultraviolet rays 380nm or less at said 
photocatalyst layer after that. Here, as for said aquosity photocatalyst coating solution, it is 
desirable to contain a titania system binder. Moreover, it is desirable to heat-treat further the 
photocatalyst object manufactured by said approach. 
[0012] 

[Embodiment of the Invention] This invention is explained further below at a detail. Drawing 1 is 
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the sectional view showing an example of the photocatalyst object of this invention. The 
photocatalyst object 1 is the laminating structure which has the photocatalyst layer 4 which 
contains a photocatalyst particle or a photocatalyst particle, and a titania system binder in one 
front face of a base material 2 on the external surface of the silicone system resin layer 3 and 
this silicone system resin layer 3. Drawing 2 is the sectional view showing other examples of the 
photocatalyst object of this invention. The photocatalyst object 1 is the laminating structure 
which has the photocatalyst layer 4 which contains a photocatalyst particle or a photocatalyst 
particle, and a titania system binder on the external surface of the primer layer 5 and this primer 
layer 5 in one front face of a base material 2 at the external surface of the silicone system resin 
layer 3 and this silicone system resin layer 3. 

[0013] Although the base materials used for [base material] this invention are organic materials, 
such as resin, such as metallic materials, such as inorganic materials, such as ceramics, a tile, 
concrete, glass, and brick, aluminum, stainless steel, a galvanized steel sheet, a chemical 
conversion steel plate, and a paint steel plate, an acrylic, and a polycarbonate, and wood, they 
are not limited to especially these. Although the configurations of a base material are a block, a 
plate, a sheet, a film, and structure material, they are not limited to especially these. Moreover, 
the magnitude of a base material and especially thickness are not limited. 
[0014] Although the silicone system resin used for [silicone system resin] this invention is 
silicone resin, a giant-molecule distribution silica, and organic inorganic hybrid resin, it is not 
limited to especially these. For this silicone system resin, a mineral constituent is Si02. Since a 
crack when the last attainment degree of hardness covers a photocatalyst layer with conversion 
in the outermost layer by the pencil degree of hardness more than 20 mass % as it is more than 
H can be prevented and the resistance over the oxidation activity of a photocatalyst improves, it 
is desirable. 

[0015] Silicone resin is a polymer of a hydrolysis nature monomer shown with the following 
structure expression. 

Xn Si(OR)4-nX is the denaturation alkyl group which introduced the organic functional group 
represented by aryl groups, such as alkyl groups, such as a methyl group, and a phenyl group, 
and gamma-glycidoxyalkyl group. X of a monomer may be the same and may differ. Installation of 
a denaturation alkyl group plays the reaction or the compatibility-ized role with organic resin of a 
base material, for example, since, as for toughness and polyester denaturation, flexibility, drying, 
and epoxy denaturation give flexibility and glossiness to silicone resin in alkyd denaturation, 
chemical resistance, adhesion, and acrylic denaturation can be suitably chosen according to the 
purpose. OR is the alkoxy group of the carbon numbers 1-8 of hydrolysis nature. For example, a 
methoxy group, an ethoxy radical, a propoxy group, an isopropoxy group, a butoxy radical, etc. 
are mentioned. It hydrolyzes, and an alkoxy group turns into a hydroxyl group, and forms a 
polymer by the dealcoholization reaction and dehydration, n is 0, 1, 2, or 3. 
[0016] The degree of hardness of this silicone resin is discovered by the siloxane molecular 
structure unit of 4 organic-functions alkoxysilane, and flexibility is given per siloxane molecular 
structure of 2 and 3 organic-functions alkoxysilane. Although this silicone resin shows 
hydrophobicity or water repellence to the indifferent water, a hydrophilic property can also be 
made to discover by arranging many hydroxyl groups (Si-OH) on this resin front face. For 
example, it is desirable that the siloxane molecular structure unit of 4 organic-functions 
alkoxysilane in silicone resin is more than 80 mol %, and it is more than 90 mol % more preferably. 

[0017] A macromolecule distribution silica distributes organic macromolecules, such as a 
polyethylene glycol, in the silicone resin matrix which uses the siloxane molecular structure unit 
of said 4 organic-functions alkoxysilane as a principal component, and flexibility is given. 
[0018] Organic inorganic hybrid resin is the copolymer of said silicone resin and organic resin, 
the copolymer of aquosity silicate and aquosity organic resin, etc. For example, the former is the 
copolymer made to construct a bridge with silicone resin through alkoxysilane with the alkoxy 
group which is a functionality side chain about the organic resin which introduced the alkoxy silyl 
radical etc. Organic inorganic hybrid resin dissolves silicone resin with a silanol group in a radical 
polymerization nature vinyl monomer, and the emulsion coating which carried out the emulsion 



file://E:¥JPOEn¥JP-A-2003-1 81 299.html 



2007/08/23 



JP-A-2003-181299 



6/14 v 



polymerization and which was compounded under existence of a surface active agent can be 
used for it. 

[0019] In silicone system resin, the molecular weight of the copolymer of an alkoxysilane polymer 
or an alkoxysilane polymer, and organic resin is not especially limited, although it is 200-20000 
and is 500-5000 preferably in the mass average molecular weight of polystyrene conversion. 
Moreover, the alkoxysilane which has the alkoxy group which is a functionality side chain as a 
cross linking agent in this silicone system resin, the metal-containing organic compound which 
contains Zn, aluminum, Sn, Co, Zr, etc. as curing agents, a halogenation boron compound, etc. 
may be blended. 

[0020] Moreover, as an extending agent, inorganic oxide particles, such as a silica sol and 
alumina sol, can be blended, or a surfactant and a silica sol can be blended with silicone system 
resin as an antistatic agent. In order to protect a base material from the oxidation of a 
photocatalyst, 0.1 micrometers or more are sufficient as the thickness of a silicone system resin 
layer, but in order to secure the reinforcement of a silicone system resin layer in the case of 
resin with a soft base material etc., its 1 micrometers or more are desirable, and it is 2 
micrometers or more more preferably. An upper limit is about 10 micrometers. 
[0021] When the adhesion of a silicone system resin layer and a base material is bad, as shown 
in drawing 2 , it is desirable to form the primer layer 5 in base material 2 front face, or to carry 
out atmospheric pressure plasma treatment, corona discharge treatment, and UV irradiation with 
a wavelength of 185nm or less to base material 2 front face. A primer is used in consideration of 
affinity with a base material from the primer which uses acrylic resin, an epoxy resin, acrylic 
silicon resin, etc. as base resin, choosing it suitably. The thickness of a primer layer has desirable 
0.05 micrometers or more, and it is 0.1-5 micrometers more preferably. 

[0022] The photocatalyst layer of [photocatalyst layer] this invention is a layer formed in the 
silicone system resin layer front face covered to the base material with the aquosity 
photocatalyst coating solution containing the titania system binder of the amorphous titanium 
oxide originating in the photocatalyst particle to which a pel oxo-radical exists in a particle front 
face or the photocatalyst particle to which a pel oxo-radical exists in a particle front face, an 
orthochromatic titanic acid, peroxotitanic acid, etc. As for the thickness of a photocatalyst layer, 
it is desirable that it is 0.05-1.0 micrometers. 

[0023] as what any are sufficient as it as long as the photocatalyst particle used for this 
invention generates active oxygen by light-receiving and shows photocatalyst activity, and 
answers ultraviolet radiation — BURUKKAITO or the anatase mold Ti02, ZnO, and SrTi03 etc. - 
- as what answers the light, an oxygen deficiency, the thing which doped [ transition-metals-] or 
doped [ nitrogen-] can be illustrated to the photocatalyst which answers said ultraviolet 
radiation. Although especially these are not limited, the thing of the gestalt which can exist as a 
sol solution preferably distributed in water is good. 

[0024] The mean particle diameter of a photocatalyst particle has desirable 5-200nm, and it is 
10-100nm more preferably. In less than 5nm, a band gap may increase according to a quantum 
size effect, it may exceed 200nm, and the transparency of a photocatalyst layer and the 
dispersibility in the inside of a photocatalyst coating solution may fall then. Although the sol 
solution which the photocatalyst particle whose mean particle diameter is 10-100nm distributed 
heat-treats the solution containing the hydrolyzate of an orthochromatic titanic acid, 
peroxotitanic acid, and a titanium alkoxide etc. above 80 degrees C in the case of for example, 
anatase mold titanium oxide or is obtained by carrying out hydrothermal processing of the 
titanium salt water solutions, such as sulfuric-acid titanium, at 110-200 degrees C using 
pressure equipments, such as an autoclave, it is not limited to especially these. If a crystal is 
grown up to the particle size which shows high activity although a pel oxo-radical can be made 
to remain on a photocatalyst particle front face according to adjustment conditions when 
peroxotitanic acid is used as a start raw material, most pel oxo-radicals on the front face of a 
particle will usually disappear. As an approach of introducing a pel oxo-radical into this particle 
front face, the hydroxyl group of a photocatalyst particle front face is changed to a pel oxo- 
radical by adding hydrogen peroxide solution. Since a sol solution changes from translucent white 
to light yellow at this time, generation of a pel oxo-radical can check visually. As an addition of 
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hydrogen peroxide solution, 0.1-10 mols are desirable to one mol of titanium oxide, and it is 0.5-5 
mols more preferably, if this approach is used — high — even if it makes high concentration 
contain an activity photocatalyst particle in a photocatalyst layer, it becomes possible to obtain 
a strong coat, and use of a still cheaper titanium oxide sol also becomes possible. 
[0025] Although titania system binders are the hydrolyzates of an orthochromatic titanic acid, 
peroxotitanic acid, and a titanium alkoxide, or such mixture, they are not limited to especially 
these. Hydrolysis / dialysis processing of the orthochromatic titanic acid can be carried out, and 
it can obtain titanium salting in liquid, such as sulfuric-acid titanium. Peroxotitanic acid can be 
dissolved in hydrogen peroxide solution, and can obtain the hydroxylation titanium obtained 
[ alkoxide / aqueous ammonia processing or / titanium ] by hydrolyzing in a titanium chloride. 
Among titania system binders, its reactivity with the hydroxy! group of silicone system resin and 
an alkoxy group is high, and since peroxotitanic acid is further excellent also in film formation 
nature, it is desirable. 

[0026] An aquosity photocatalyst coating solution can mix the photocatalyst sol solution and 
titania system binder solution with which the photocatalyst sol with which the pel oxo-radical 
was embellished, or the pel oxo-radical was embellished at a rate of arbitration, and can be 
prepared. The loadings of a photocatalyst particle have desirable 0.1 - 10 mass % to an aquosity 
photocatalyst coating solution, and are 0.5 to 5 mass % more preferably. Moreover, when it 
contains a titania system binder, the loadings have desirable 0.05 - 5 mass % to an aquosity 
photocatalyst coating solution, and are 0.2 to 2 mass % more preferably. In a photocatalyst layer, 
when improvement in acid resisting, a hydrophilic property, and electrification prevention is 
required, a silica component can be added at this photocatalyst coating solution. Colloidal silica 
can be added as a silica component, it is a silicic anhydride with few [ it is desirable and ] 
impurities, and particle size and especially a configuration are not limited. Moreover, when it is 
required to make the wettability to a silicone system resin layer improve, a surfactant and/or 
alcohol may be blended. 

[0027] Although an anionic surface active agent, a cationic surface active agent, an amphoteric 
surface active agent, a nonionic surface active agent, a silicone surface active agent, and a 
fluorine surface active agent can be used, a surface active agent exists in stability in a 
photocatalyst coating solution, and especially if the surface tension of a water solution is 
reduced by little addition, it will not be limited. For example, a moisturizing effect is given to a 
photocatalyst layer, in order to carry out oxidative degradation of the part for organic at the 
process of UV irradiation processing and to generate a silanol group, if the polyether 
denaturation silicone of the low molecular weight which is a silicone surfactant is used. As 
loadings, more than 0.02 mass % is desirable to a coating solution, and it is 0.05 to 2 mass % more 
preferably. 

[0028] Although a methanol, ethanol, n-propanol, isopropanol, n-butanol, 2-butanol, a sec- 
butanol, t-butanol, ethylene glycol, a polyethylene glycol, polyvinyl alcohol, a glycerol, etc. can be 
used, alcohol will not be limited especially if it exists in stability in a photocatalyst coating 
solution. As loadings, more than 5 mass % is desirable to a coating solution, and it is ten to 30 
mass % more preferably. 

[0029] The manufacture approach of the photocatalyst object of [manufacture approach of 
photocatalyst object] this invention The hydroxyl group and/or alkoxy group which exist in the 
silicone system resin layer front face covered to the base material, The hydroxyl group and/or 
pel oxo-radical which are contained in an aquosity photocatalyst coating solution by making it 
react below at the heat-resistant temperature of a base material or silicone system resin A 
chemical bond is formed by the interface of a silicone system resin layer and a photocatalyst 
layer, and a photocatalyst layer is firmly pasted up on a base material through a silicone system 
^resin layer. 

[0030] Although spreading of silicone system plastic paint is good by all of general approaches, 
such as a DIP, a roll, a spray, and a screen, a spray is suitable when a base material is large- 
sized in being an anomaly. A substrate may be heated in that case. Moreover, before applying 
silicone system plastic paint, a primer is applied to a base material, or atmospheric pressure 
plasma treatment, corona discharge treatment, and ultraviolet rays with a wavelength of 185nm 
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or less are irradiated on a base material front face, and the adhesive property of a base material 
and silicone system resin may be raised. 

[0031] In order to make a hydroxyl group and/or an alkoxy group exist in the front face of a 
silicone system resin layer, it is desirable to make it not stiffen this silicone system resin layer 
completely. If hardening of silicone system resin is advanced too much, a surface hydroxyl group 
and/or a surface alkoxy group may be consumed by crosslinking reaction, and may decrease, and 
adhesive strength with a photocatalyst layer may decline. For example, JIS after applying silicone 
system plastic paint In the front face of the silicone system resin of the semi-hardening 
specified to K5400-1990, it is checked from an ESCA spectrum Fig. ( drawing 3 ) that a hydroxyl 
group and/or an alkoxy group exist, and the adhesive strength of a silicone system resin layer 
and a photocatalyst layer becomes powerful. Moreover, when a functional group needs to be 
insufficient for a silicone system resin layer front face and it is necessary to raise adhesive 
strength, a functional group can also be introduced into a silicone system resin layer front face 
by irradiating atmospheric pressure plasma treatment, corona discharge treatment or far 
ultraviolet rays with a wavelength of 185nm or less, and vacuum ultraviolet radiation on this resin 
layer front face. 

[0032] Although spreading of an aquosity photocatalyst coating solution is good by all of general 
approaches, such as a DIP, a roll, a spray, and a screen, a spray is suitable when a base material 
is large-sized in being an anomaly. A substrate may be heated in that case. Since the viscosity 
of this aquosity photocatalyst coating solution is low, the pneumatic pressure of a spray is 9.81 
N/cm2 at gage pressure. It can atomize, if it is above, and it becomes easy to carry out 
homogeneity covering of the base material. Especially these are not limited although 500 degrees 
C or less are generally 50-300 degrees C preferably although the hydroxyl group and alkoxy 
group which exist in a silicone system resin layer front face, and the hydroxyl group and/or pel 
oxo-radical in an aquosity photocatalyst coating solution are made to react below at the heat- 
resistant temperature of a base material or silicone system resin after applying an aquosity 
photocatalyst coating solution, and there should just be 10 minutes or more of reaction time. 
Moreover, when processing temperature is 100-200 degrees C or less, it is desirable for organic 
[ the amount of / resulting from a surfactant etc. ] to tend to remain, and to irradiate ultraviolet 
rays at this photocatalyst layer. 

[0033] If ultraviolet rays are irradiated at this photocatalyst layer, the hydroxyl group and pel 
oxo-radical which remain in a photocatalyst layer will be activated, and a photocatalyst layer will 
carry out eburnation by the condensation reaction, And since the decomposition removal for 
organic of the surfactant which remains in a photocatalyst layer takes place to coincidence by 
the ozone generated in the active oxygen generated with a photocatalyst, this ultraviolet-rays 
energy, and ultraviolet rays with a wavelength of 240nm or less, The photocatalyst [ which can 
also bear an outdoor use ] layer which it was precise, was hard and was excellent in abrasion- 
proof nature is formed. Moreover, since the hydroxyl group which remains to the interface of a 
photocatalyst layer and silicone system resin, a pel oxo-radical, and an alkoxy group are also 
activated and a chemical bond is formed of a condensation reaction, adhesion of a photocatalyst 
layer also improves. Although 380nm or less of the wavelength of ultraviolet rays is sufficient, 
abrasion-proof nature can be discovered by irradiating ultraviolet rays 315nm or less preferably 
in a short time. Since an eburnation reaction is usually slower than disassembly of the organic 
substance, such as a surfactant, in order to make abrasion-proof nature more reliable at this 
time, a curing period may be prepared or you may heat-treat after UV irradiation. 
[0034] That wavelength should just be what emits ultraviolet rays 380nm or less, although the 
light sources of ultraviolet rays are a germicidal-lamp [ with large reinforcement / with sufficient 
radiant efficiency ], high-pressure mercury lamp, desirable low-pressure mercury lamp, and 
desirable excimer lamp, a black light lamp, etc., they are not limited to especially these. Although, 
as for the excimer lamp of XeCI, 313nm and discharge gas emit [ a germicidal lamp ] 308nm 
ultraviolet rays in 254nm and a high-pressure mercury lamp, a low-pressure mercury lamp is 
185nm, discharge gas KrCI, Xe2, Kr2, and Ar2 to 254nm others. Since an excimer lamp emits 
wavelength (222nm, 172nm, 146nm, arid 126nm) of ultraviolet rays, respectively, it can generate 
ozone: When ozone is not needed at this time, it is good for inert gas, such as nitrogen, to 
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permute an ambient atmosphere. In addition, ultraviolet rays may contain the light of different 
wavelength. 

[0035] After carrying out UV irradiation of the photocatalyst layer, it is desirable to heat-treat 
this photocatalyst object further. By heat-treating, eburnation of the part which the organic 
substance, such as a surfactant, decomposed by the UV irradiation of a photocatalyst layer, and 
became porous can be restored and carried out. As for heat treatment temperature, it is 
desirable that it is below the heat-resistant temperature of a base material and silicone system 
resin, and, in the case of acrylic resin, its 50-90 degrees C are specifically desirable, and it is 
70-80 degrees C more preferably. Heat treatment time amount has 10-120 desirable minutes, 
and it is 20 - 60 minutes more preferably. 
[0036] 

[Example] Next, although an example explains this invention concretely, this invention is not 
limited to these examples. 

(Aquosity photocatalyst coating solution) 50g (Made in a Photocatalyst Lab: AT-amorphous and 
1.7 mass %) of peroxotitanic acid solutions which are an amorphous titanium oxide binder was 
mixed in the titanium oxide sol solution which added to anatase mold titanium oxide sol (Made in 
Photocatalyst Lab: AT-01 and 3.48 mass %) 100g 10g, and carried out peroxidation of the 
hydrogen peroxide solution of 30 mass % to it, and concentration was adjusted to it at 1 mass %. 
Furthermore, 0.2 mass % addition of a silicone surface active agent (the product made from big 
KEMI, BYK348) was done. 

[0037] (Example 1) The spray coating cloth of the organic inorganic hybrid plastic paint (the 
Dainippon Ink make, Geotech) of an emulsion is carried out to the acrylic resin plate from which 
ultraviolet rays (254nm:5 mW/cm2 and 185nm:2 mW/cm2) were irradiated for 10 minutes with 
the low-pressure mercury lamp (USHIO, INC. make), and the contamination of the organic 
substance was removed, and it was made to dry until it became semi-hardening at 50 degrees C. 
Subsequently, the spray coating cloth of said aquosity photocatalyst coating solution is carried 
out, and it heat-treated for 60 minutes and was made to harden at 80 degrees C after 
desiccation. Furthermore, ultraviolet rays (254nm:5 mW/cm2 and 185nm:2 mW/cm2) were 
irradiated for 10 minutes with the low-pressure mercury lamp, and the transparent photocatalyst 
plate was obtained. At this time, the thickness of 5 micrometers and a photocatalyst layer of the 
thickness of a silicone system resin layer was 0.1 micrometers. It measured and the approach of 
carrying out the following estimated the property of this photocatalyst object. A result is shown 
in Table 1. 

[0038] (Example 2) In the example 1, the silicone coating (the product made from size Japanese 
****, run DEKKUSU PS) of an alcoholic solvent was used instead of the organic inorganic hybrid 
plastic paint of an emulsion, and the transparent photocatalyst plate was obtained by the same 
approach as an example 1 except having carried out exposure processing of the ultraviolet rays 
(254nm:5 mW/cm2 and 185nm:2 rmW/cm2) for this silicone resin front face for 10 minutes with 
the low-pressure mercury lamp further. At this time, the thickness of 5 micrometers and a 
photocatalyst layer of the thickness of a silicone system resin layer was 0.1 micrometers. The 
property of a photocatalyst object is shown in Table 1. 

[0039] (Example 3) In the example 1, the transparent photocatalyst plate was obtained by the 
same approach as an example 1 instead of the peroxotitanic acid solution of the amorphous 
titanium oxide contained in an aquosity photocatalyst coating solution except having used the 
orthochromatic titanic-acid solution (Nihon Parkerizing Co., Ltd. make and PAL titanium 5610L). 
At this time, the thickness of 5 micrometers and a photocatalyst layer of the thickness of a 
silicone system resin layer was 0.1 micrometers. The property of a photocatalyst object is shown 
in Table 1. 

[0040] (Example 4) In the example 1, the transparent photocatalyst plate was obtained by the 
same approach as an example 1 except using only the distributed sol (Product made from TAO, 
DTA100) of the anatase mold titanium oxide particle embellished with the pel oxo-radical as an 
aquosity photocatalyst coating solution. At this time, the thickness of 5 micrometers and a 
photocatalyst layer of the thickness of a silicone system resin layer was 0.1 micrometers. The 
property of a photocatalyst object is shown in Table 1. 
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[0041] (Example 5) In the example 1, the transparent photocatalyst object was acquired by the 
same approach as an example 1 except having irradiated the black light lamp (365nm:10 
mW/cm2) for 120 minutes instead of the low-pressure mercury lamp at the photocatalyst layer. 
At this time, the thickness of 5 micrometers and a photocatalyst layer of the thickness of a 
silicone system resin layer was 0.1 micrometers. The property of a photocatalyst object is shown 
in Table 1. 

[0042] (Example 6) The spray coating cloth of the organic inorganic hybrid plastic paint (the 
Dainippon Ink make, Geotech) of an emulsion is carried out to the acrylic resin plate from which 
ultraviolet rays (254nm:5 mW/cm2 and 185nm:2 mW/cm2) were irradiated for 10 minutes with 
the low-pressure mercury lamp (USHIO, INC. make), and the contamination of the organic 
substance was removed, and it was made to dry until it became semi-hardening at 50 degrees C. 
Subsequently, carried out the spray coating cloth of said aquosity photocatalyst coating solution, 
irradiate ultraviolet rays (365nm:10 mW/cm2) for 10 minutes with a black light lamp, and made 
the surfactant disassemble after desiccation, and heat-treat for 60 minutes, it was made to 
harden at 80 more degrees C, and the transparent photocatalyst plate was obtained. At this 
time, the thickness of 5 micrometers and a photocatalyst layer of the thickness of a silicone 
system resin layer was 0.1 micrometers. The property of a photocatalyst object is shown in 
Table 1. 

[0043] (Example 1 of a comparison) In the example 1, the transparent photocatalyst plate was 
obtained by the same approach as an example 1 except having used the aquosity photocatalyst 
coating solution which used the titanium oxide sol which does not carry out peroxidation. At this 
time, the thickness of 5 micrometers and a photocatalyst layer of the thickness of a silicone 
system resin layer was 0.1 micrometers. The property of a photocatalyst object is shown in 
Table 1. 

[0044] (Example 2 of a comparison) In the example 1, the transparent photocatalyst plate was 
obtained by the same approach as an example 1 except not irradiating a low-pressure mercury 
lamp at a photocatalyst layer. At this time, the thickness of 5 micrometers and a photocatalyst 
layer of the thickness of a silicone system resin layer was 0.1 micrometers. The property of a 
photocatalyst object is shown in Table 1. 

[0045] (Example 3 of a comparison) The spray coating cloth of the coating constituent which did 
0.2 mass % addition of a silicone surface active agent (the Shin-Etsu Chemical Co., Ltd. make, 
KF640) was carried out to the peroxotitanic acid solution (Product made from the Tanaka 
Imprint, PTA: solid content concentration 0.85 mass %) to the acrylic resin plate which carried 
out corona discharge treatment, and the amorphous titanium oxide layer was prepared. 
Subsequently, the spray coating cloth of the coating solution which carried out 0.2 mass % 
addition of the silicone surface active agent (the product made from big KEMI, BYK348), and 
obtained it was carried out, after desiccation, it heat-treats in the aquosity photocatalyst 
coating solution (Product made from the Tanaka Imprint, TPX: solid content concentration 0.85 
mass %) which mixed the peroxotitanic acid solution with the anatase mold titanium oxide sol for 
60 minutes, it was stiffened at 80 degrees C, and the transparence resin plate which covered the 
photocatalyst was obtained. At this time, the thickness of 0.2 micrometers and a photocatalyst 
layer of the thickness of an amorphous titanium oxide layer was 0.1 micrometers. The property 
of a photocatalyst object is shown in Table 1. 

[0046] (Example 4 of a comparison) The spray coating cloth of the silicone resin constituent (the 
product made from size Japanese ****, run DEKKUSU PS) of an alcoholic solvent is carried out 
to the acrylic resin plate which carried out corona discharge, after making it dry until it becomes 
a tuck free-lancer at a room temperature, at 80 degrees C, it heat-treated for 120 minutes and 
full hardening was carried out. Subsequently, carried out the spray coating cloth of the coating 
solution obtained by the aquosity photocatalyst coating solution (Product made from the Tanaka 
Imprint, TPX: solid content concentration 0.85 mass %) which mixed the peroxotitanic acid 
solution with the anatase mold titanium oxide sol by carrying out 0.2 mass % addition of the 
silicone surface active agent (the product made from big KEMI, BYK348), and heat-treat for 60 
minutes, it was made to harden at 80 degrees C after desiccation, and the transparence resin 
plate covered with the photocatalyst was obtained. At this time, the thickness of 3 micrometers 
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and a photocatalyst layer of the thickness of a silicone system resin layer was 0.1 micrometers. 
The property of a photocatalyst object is shown in Table 1. 

[0047] [Boiling water resistance] JIS The squares cellophane tape trial (the 100 squares) based 
on K5400-8.20 (common coating trial) estimated. That is, after 2-hour immersion, appearance 
observation was carried out and the squares friction test was further performed to the ion 
exchange water which boiled the specimen. The squares friction test stuck the cellophane tape 
on the squares of clearance spacing of 1mm, and a grid 100 for the end eye of the depth which 
reaches the go board of a specimen by the cutter, and twisted it to the approach of counting the 
number of the squares of the coat which remains in the specimen after removing this tape 
momentarily. 

[0048] Visual observation was carried out and the appearance after hanging the load of 98.1 kPa 
(1 kgf/cm2) bri the [abrasion-proof nature I] specimen (100mmx100mm) and gnnding"agaihst it 
length and each 50 width with the rear face of sponge TAWASHI was judged. The criterion made 
x the case where ** and five blemishes exceeded the case where O and a blemish are five or 
less pieces about the case where there is no blemish. 

[0049] [Abrasion-proof nature] II JIS The abrasion resistant test based on K6902 (the 
thermosetting resin panel examining method) estimated. That is, the specimen (100mmx100mm) 
was installed in the sample base, this specimen top was rotated 100 times in the wear ring CS 
17, 2.45 Ns of loads, and rotational-speed 60rpm, and the haze value before and behind a trial 
was measured. When a haze value was 0 - 5%, as for the judgment, O and 5-10% made super- 
** x ** and 10%. 

[0050] The [accelerated-weathering nature] due panel weather meter (the Suga Test 
Instruments Co., Ltd. make, DPWL-5R) was used, and the cycle of an exposure (60 degrees C, 2 
hours, and illuminance 30 W/m2) and dew condensation (50 degrees C, 2 hours, dark place) with 
ultraviolet-rays fluorescence tubing was carried out till 1000 hours. The implementation front of 
the above-mentioned cycle trial, and after operation, the contact angle of a transparence resin 
plate, total light transmission, and a haze value (haze value) were measured by the following 
approach. 

[0051] Black light blue fluorescence tubing is used for a [contact angle] specimen, and it is 0.5 
mW/cm2. After irradiating ultraviolet rays for 24 hours, 20micro liter dropping of the ion 
exchange water was carried out using the micro syringe, and three contact angles were 
measured for the waterdrop on a specimen in law using the image-processing type contact angle 
meter (the product made from Consonance Interface Science, CA-X). 

[0052] Total transmittance and all [haze value (haze value)] light transmission, and a haze value 
are JIS. Based on K7105, it measured using the turbidity meter (the Nippon Denshoku Co., Ltd. 
make, NDH2000). A haze value is defined by the following type, whenever [ cloudiness / of a 
transparency base material ] is so large that a haze value is large, and it is shown that 
degradation is advancing. 

a haze value (%) = luminous diffuse transmittance / all light transmission x — 100 [0053] 
[Table 1] 
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[0054] 

[Effect of the Invention] This invention is the manufacture approach of a photocatalyst object of 
using an aquosity photocatalyst coating solution, pasting up a photocatalyst layer on a base 
material firmly, and excelling in abrasion-proof nature and weatherability. The acquired 
photocatalyst object can be used for a road product, the scene material of a roof and side- 
attachment-wall material, outer wall material, etc. 
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DESCRIPTION OF DRAWINGS 



. [Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing one mode of the photocatalyst object of this 
invention. 

[Drawing 2] It is the sectional view showing other modes of the photocatalyst object of this 
invention. 

[Drawing 3] It is the ESCA spectrum Fig. of the alkoxy group of the silicone system resin front 
face at the time of the semi-hardening of the photocatalyst object of this invention. 
[Description of Notations] 

1 Photocatalyst Object 

2 Base Material 
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3 Silicone System Resin Layer 

4 Photocatalyst Layer 

5 Primer Layer 
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[0 0 2 4] 5 - 2 0 0 n 

»^L<, iOfff L<fil0-100nmt'&5o 5 

^CU 2 0 0 nmtti^ttJtJSMW^aWttfeJ:^**! 
6 0 10-100 n m603tttjj|3K^355^ffe L 

bfc 9 x ticiM^? istji if co^^ ^*S*SSJK4:^— h ^ ^ 
— ^*if^JE*agfiS:ffl^\Tl 1 0-2 0 O^T'tK^M 

J; 19 **jKtt^*B^/u^-^y r. i: 

*s-c*s**, asstt*r*-r«s*-ci** ****** 

i:. iiffir, ^^Saco-</u^-^ygH^if?^Lr L3= 
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^»^L<> cfc!9#*L<ti:0. 5~5^yu-Cfe6o IS 
MUSICS S-frt t SSv 'ttJR&ftS w k & t 5 , 

* e> KgcffifcBMb^ * v v>\o<D%\\m farts t a z> 0 
[0 0 2 5] ^=T3R'<>f tt. ^y^y 

\zmi££tift\<\ ^y^f^mte, mm^-t^w 

[0 0 2 6] 7Ktt*«^3-^^ V^SSiKtt, -</^^r 

v saMfffli * y /k * fc tt-^/u* * y mt*& 

ft^^S^lli, 

0. l-l0M%#ff*L<, J:9ff*L<lio. 5 
1^10. 0 5-5Si%»tl<> «k!9#*L<fc: 

o. 2-2ii%t*fe5 0 mytmm=*-T-j^ymm\c 

4: L T f $ ^ q ^ i, y # % mu f £ n £ ^ t? 

[0 0 2 7] #ffiStt*Jtt, T^^^tt*ffiJStt»J, * 
^*H4*BStt*IU P5tt:J*B«ti:*k /^tf-^ttJJB 
^ya-yJUiStt*!, 7**#BflHt*l*M»[ 

#jT?*>-5(ft»**o*y ^-Tvi^ttv-y 

0. 0 2fI%tJl±Wt<, £ 9£P£ u< teo. o 
[0 0 2 8] yWi, y^y— /K at^ry— 



/K 2-y^y— /k sec-^^y— /k t-^^y 
- r ^ y ^Sffi t T'S^^#4t S (?) 

(110-3 0ff%tfc5 o 

[0 0 2 9] [*«JK«:o«36^»] *»W03t««t<*: 
^*3S*tttt, »t*w*«LfcS/y = — ^3R»IIIJI*B 

IS«TtgJSSf5:«, ->y =— ^*»Ji/it* 
tt«t*^*B-e^«^^»*Six, **«IS:^!)3 

[0 0 3 0] *>y 3— ^»UMBft»ott*tt, f^fy 
?\ *:/u~, y— Vfc^O— 

JHHRL-Ct>«fcv\ *fc, V^-^»iiS^i«t 
^EE^X-e&lJl, 3p-^^®^a^, Sf 185nm 

[0 0 3 1 ] s/y 3-^»»/IB»<d*B^*K»*3J:W 
Lv\ i/y a-vRW/H^aftSrattTS-eraffSi:, * 

is. K5400-199 0 j^^n^^fl^v-y 

3-^^atflg<o«Bt-tt. *KS*3J:t^/*3tfiT^3 
t&E SCA^ h/UBI ((2)3) 

M*»X\£tg:Zo ->y =->*»«B»*BfJi < i , «B 

wiBUXBt^jecffiy^x-^jfea, 3Pti»iMa * 
[0032] *i4^tt^3-7 t -r >?mm<r>mfii&, 
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TtiwtmteXTfT 

*>S, -«l:5 0 0W, fftl<(i5 0-3 0 0tt? 
WJI^Sttfe^o MM5i 0 0-2 0 0t« 

[0 0 3 3] R%ttlKJ|^*^lk«:ffiMi-« 

JStStt3 8 0 nm^T-Ct <fc^#> »*K(i315n 

Stt#Jft if J: 9 ffiSMK 

[0 0 3 4] **H»Ojt«tt. JKS* 5 3 8 0 n mJ^T<£> 

fi2 5 4 nm, B5JEtK£B7 3 1 3 nm, *fe«#* 
e C 1 (^^v^^^teS 0 8 nm(Z)Mlfeft 
W-fSdS. iSJ£^«7V^'fi2 5 4 nm(Dfdlt- 1 8 5 n 
nu M^KrCl, Xe2 , Kr2 „ Arz <D=* 
^y>"y p ^tl^tl2 2 2 nm, 172nm > 146 
nm, 1 2 6 nm^»S©Mi«:3»Wt5feft, 

[0 0 3 5] **«E«S:*^j»HR»Ufe«fi, ttttftUK 
roti«^»LT^-7^i:4ofc«»«:faL, » 

i<a*T? vsi'ffim<Dm&, 5o-9o , c«si<> «t 

9#*U<'f47 0 — 8 OtTfeSo 'j&#!!Sfl#IWte. 1 0 
-12 0 L < , «t 9 »^ L < 2 0-60 



[ 0 0 3 6 ] 

( «*) *tt«CW9SSf« : AT-0 1, 3. 4 8 

«*%) ioogH30 W*%oa»ft***Sr l 0 g 

IfcMR ( (80 *tt«EW9S;9f« : AT-W77^, 

l. 7fi%) *5 0gil^U KStriRt%i:llB 

(«0 BYK3 4 8) 4:0. 2»ft%aS*DL^ e 
[0 0 3 7] <*fcffi|l) ififfiTKffi^^ (^^li 
(**) ffiS) KT#*U* ( 2 5 4 n m : 5 mW/ c , 
1 8 5 n m : 2 mW/ cm 2 ) * 1 0 ^PflfiBW It *« 

—7^ v^JSftSr^^i — »*U «*6«, 8 0tt6 

tCT^^® ( 2 5 4 n m : 5 mW/ cm 2 , 1 8 5 n 
m: 2mW/cm2 ) S:10^»U SWfcJfcttttE 

*»!SCI^JRIIIiO. l M mtfeof: fl fttW 
[0 0 3 8] (HJ£#J2) JfeJfc0Jlfc*3V^C, ^A-v* 

^«^^^-yffii» c*0Si (») at, 9 

ffiSrffiJBEjkffi^^fcr^ilft (2 5 4 nm : 5mW/ 
cm 2 , 185nm: 2 mW/ cm 2 ) £ 1 0 »IBHH4t 

Mums, *«s«i fcnt*«t6*!iT, 

/i m, %mmm<omm±o. i»mx*&otc 0 mm» 

[0 0 3 9] (^«^J3) HWJim^, *tt5ttt 
®JK (H*^-*7>f^^^ (1*) SSI. /n°/U^^^5 6 

iol) Srttffi LfcEJ^M*. SBfc«i twi:**^r, 

[0 0 4 0] (H5£^J4) ^|il:*3^t, 
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SL DTA10 0) (O^Zfemi- SK*tt, 31*60* l£ 

rai^'ttui-c, aw*#*Mi*sr»fc. >-y 

1 ti mt^ofc 0 3fctt&ttO#i4Sr* 1 

[0041] mmm5) nmmnz&^x. ytmmm 

( 3 6 5 n m : 10 mW/ cm 2 ) ^120 #Pfll8W L 

[0 0 4 2] (Jtifcff6) fiEE*«^^ Ws*Wm 
(W) M) teT#*M* ( 2 5 4 n m : 5 mW/ c m 2 , 
1 8 5 nm : 2 mW/ c m 2 ) Sri O^Wttti 

y^tiia^'i'^y >> Kaunas- (^0*^^^- 

(**) S, it*'???) Sr*y*u— ^ffiU 5 0W 

>"7 P tZ.X$gftBi ( 3 6 5 n m : 10 mW/ c 
m 2 ) Sri 0»IBBB«tL-C*ffiStt»J*^»S^ £b 
^8 0tf6 O^ffflfSMlTWb^-f, SUlfeftftUK 

[0 0 4 3] (itttM 1 ) Ute^J 1 fc*5^T* ^/U^-^r 
y^b^^K^^^^Sr^fflLfcTKtt^tt^^-T 1 

-< y^j8«srfflv^£ji^tt, mmmi tmcxmcx* 

[0 0 4 4] 0t««2) 5WK«1»CJ3^^T, ftMNM 

mwtrtfcfc-c* a«fc*tt««Sr»fc. wco^^, ^y 

[0 0 4 5] (it«E«3) sn^t&iLfcr^y/U 

VS. PTA:B»l*0. 8 5 11%) tCv-y^- 
^ffffiSttJiJ (fliftflt («c) S. KF 6 4 0) Sr 

T^yv^r^lWb^^V'JiSrRtt*:. #:^T\ T 
-j- ^ mkik^t v >Ou i ^a-* y ^ ^KffffiS: 

^u^tk^^^-t 1 ^ >-fmm ( (as) 

S. TPX:H»»M0. 8 5fi%) is \) =i- 
^*ffi»Stt»J (tT^^4r5- (80 ®k BYK3 4 8) 
^0. 2Rft%»LT^t = - ^^M^r^^U 

— a*ru nfttt, 8o°ct\ 6 o»mwR*aautwb 

*»itSr*«Lfca?B»JIi*«r#&. r*>fcjN- 



H^IRfffiO. 1 umXh^tz 0 3tttjKfr<0»ttSr« l 

[0 0 4 6] (ittfctfM) 3Dt3fttU7^.y/H«lli 
#F ($0 Sv 7Vf5/nPS) Sr*:/HMjU ft 

aLtj? y ^ 7 y -^45 t-eft»* tfeft, 8o°c-ei 

^ffllMfc^^^^ufc^^^y^^^lfcJSaSra^L 
fe*tt*«fflt = — V'^SfS ( («) E*te*S, t 
PX:1»»**0. 8 5«i%) i:->j3-y#IiS 
*t»J (tf^^^r^- («£) ®L BYK3 4 8) S: 0 . 2 
«*% aSbDUTWbixfca— r-f^ Sr * 7" u~ & 

*U 8 0°Ct6 0^MSLtffW^ 

-^*»JlB»^S*tt3 //m, %ttftJI<DWVttO. l 
// mT'feofdo 5fctt«fls<P4*t£Sr* 1 fC^-To 
[0 0 4 7] [»jWB*tt] J IS K5 4 0 0-8. 
2 0 (— ttfeftKlk) ^WLfcWIItP^^^ 
KB (iSlilOO) *c«fc0WflBLfc. -f K 

bfc-f*^***^ 2 i»nBsam, smmmi 

U S&^SftaWlttKSSrfTo^. «ftg»JREtttt 

KtKHWPBlmm, ^llOO^ItlttD^yf-T 9 
SrftStJtttt, tt^-^SrWfWW^WU^ft^Wfcfle^a 
SttStttffB S ^cS-^7 ^ v h «t o fc. 

[0 0 4 8] [HttfRtt I ] S*»# ( 1 0 0 mm X 1 0 
0 mm) iC, 98. lkPa (lkgf/cm 2 ) <7)^P 
S£#tf-C, ^*>-^t7 5/<7>Sffi-Ctt, «*^tL5 
0IiI»o^fci<D^«Sra«««L"C*J3eL*:. WSX 
flitt, «*ftv>li*«rO, «3&S5fi«To»^S:A, 
^ 5 fijg^co^Sr x i: L7t 0 

[0049] [iHtte«tti i] j 1 s k 6 9 0 2 mm 

fPIlfeo (1 O'OmmX 10 0m 

m) Sr«»-&K:RBU K«»*±SrJ»««tc S 1 7, 

MM2. 4 5N, 0|cM6Or pmlCt, 1 0 0 mEJ 

mm±. K»m«<o- — xrasrHjeb*:. — 

[0 0 5 0] [ffiiiS^tt] ^^-/^/U^^f 2 -^- 
^- (^^fK*fl» («) Sv DPWL-5R) fcffifflb 

r; *^****^J:-6Rai* (6o°c, 2s$r^> msts 

0W/m 2 ) ^rS® (5 0°C, 2B#ffl, BfBf) co^-T ^ 
yuSr 1 0 0 OWmS^SftlfcLfc. ±E*>f ^/uKBkO* 

^-X« («B).*rTIB«>*tt'e«XELfc. 

[0 0 5 1 ] [Sltt^]- f*»«:^, ^/^ y^=7-< h ^A- 
— «Jfi*Srffi^^"C, 0. 5mW/cm 2 (Dmftffit: 2 4 
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«5t»ftMm (ttfP#ffi»* («) »L CA-X) £31 

[0 0 5 2] [±m®m • sffi (— xffi) ] ±%mm 

iflsp, Xfitt, J I S K 7 1 0 5(c:i»&LT, ffi 
ftff Of*) ®!> NDH2 0 0 0) <H£fflLT 

361 KflMK 



^-XfS (%) =4£tS[aifl*/±3tej»aiS*x 10 0 
[0 0 5 3] 
[Si] 









mmmu 














wm 


lOOOh 


®m 


lOOOh 




lOOOh 


^5S0»Ji 




100/100 


o 


o 


86.3 


84.9 


0.5 


1. 1 


5.4 


5.5 


§®S#I2 




100/100 


o 


o 


86.1 


85.6 


0.7 


0.8 


4.8 


4.9 


S960I3 




100/100 


o 


o 


87.6 


87.1 


0.9 


1,2 


4.9 


7.7 






100/100 


o 


A 


83.7 


83.2 


0.7 


1.0 


5.6 


6.2 






100/100 


o 


A 


85.7 


85.2 


0.6 


1.0 


4.6 


4.8 






100/100 


o 


o 


85.0 


84.2 


0.7 


0.9 


4.8 


4.8 






100/100 


o 


X 


86.3 


86.1 


0.8 


1. 1 


5.1 


6.2 






80/100 


A 


X 


86.1 


86.3 


0.8 


1.9 


46.3 


10.6 


J*3£#J3 


a® 


80/100 


X 


X 


89.1 


83.3 


2. 1 


18.8 


19.0 


20.6 






30/100 


X 


X 


84.3 


78.2 


2.8 


48.0 


13.3 


50.7 



[0 0 5 41 



[03] *&W(D?/tmmft<o¥mk8f<ni>'i) 

1 itmmw- 

2 mu 

3 ->v =>->-mmmm 
5 -fy4-?—m 



[01] 



[02] 



4 






4 




3 






3 




2 






5 


3f^^— fa 












2 
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[0 3] 





z*tuu - 




2200- 




2000- 


I 


1800- 




1600- 




1 


1400- 


O 


1200- 


! 


1000- 


] 


800- 




600 - 




400- 




200- 




SrOCTHa 



— 25^30 #&S(*5E<b) 



120°C60 *HBSl 



— I 1 1 j 1 i i i I I 1 — 

290 289 2B8 287 286 285 284 283 282 281 280 279 
Binding Energy x 1.8 x 1<T 19 /J 



(51) Int. CI. 7 

C 0 9 D 5/00 
183/04 
185/00 



F I 

C 0 9 D 5/00 
183/04 
185/00 



(72) 



jiittj**fl**#ttrt 



F*-J*(##) 4G069 AA03 AA08 BA04A BA04B 
BA22C BA48A BB20C BE32C 
DA05 EC22Y ED10 FA03 
FB23 FB29 FC05 
4J038 DL031 DM021 6A02 GA03 
HA166 HA216 KA08 MA10 
NA03 NA11 PA07 PC02 PC03 
PC08 
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